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Abstract
In earlier published work, it was proposed that light speed was
larger in the early universe by 30 orders of magnitude compared to
its presently observed value. This change in the speed of light is as-
sociated with a spontaneous breaking of local Lorentz invariance in
the early Universe, associated with a first order phase transition at
a critical time t = tc. This solves the horizon problem, leads to a
mechanism of monopole suppression in cosmology and can resolve the
flatness problem. it also offers the potential of solving the cosmological
constant problem. After the critical time tc, local Lorentz invariance
is restored and light travels at its presently measured speed. We inves-
tigate the field equations in the spontaneously broken phase and study
further the flatness problem and the cosmological constant problem.
The entropy is shown to undergo a large increase as the light velocity
goes through a phase transition. A scale invariant prediction for mi-
crowave background fluctuations originating at the time of the phase
transition is discussed.
UTPT-98. e-mail: moffat@medb.physics.utoronto.ca
1 Introduction
The idea that the velocity of light varies in the early Universe and several
of its consequences for cosmology was published some time ago[1, 2, 3]. The
idea originated with the hypothesis that there is a phase of spontaneously
broken, local Lorentz invariance and diffeomorphism invariance due to a non-
vanishing vacuum expectation value (vev) of a field, φ, shortly after the be-
ginning of the Universe[3]. The local Lorentz and diffeomorphism symmetries
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of Einstein’s gravitational theory are spontaneously broken by the symmetry
breaking pattern: SO(3, 1)→ O(3) at a critical temperature Tc, below which
the symmetry is restored. It was shown that this new scenario is capable of
solving the horizon problem, the excess relic particle and flatness problems
and leads to predictions for small scale inhomogeneities.
Recently, a series of papers, beginning with the paper by Albrecht and
Magueijo[4-6], has appeared in which the velocity of light (and possibly the
gravitational constant G and other fundamental constants) was postulated
to vary in the early universe.
In the following, we shall investigate further the physical consequences
of the spontaneous breaking of the symmetries of spacetime in the early
Universe, and the predictions for cosmology when the velocity of light goes
through a first order phase transition at a critical time t ∼ tc.
2 Spontaneous Breaking of Spacetime Sym-
metries
In the earlier work[1-3], we assumed that local Lorentz vacuum symmetry is
spontaneously broken by a Higgs mechanism. We postulated the existence
of four scalar fields, φa, where a labels the flat tangent space coordinates,
and assumed that the vev of the scalar fields, < φa >0, vanishes for some
temperature T less than a critical temperature Tc, when the local Lorentz
symmetry is restored. Above Tc the non-zero vev will break the symmetry
of the gound state of the Universe from SO(3, 1) down to O(3). The domain
formed by the direction of the vev of the field φ will produce an arrow of
time pointing in the direction of increasing entropy and the expansion of the
Universe.
Let us introduce the four real fields φa(x) (a=0,1,...3), where a, b, .. de-
note flat tangent space coordinates. The fields φa are scalars in coordinate
space with the coordinates xµ, and they are invariant under Lorentz trans-
formations
φ′ a(x) = Lab (x)φ
b(x). (1)
We can use a vierbein eaµ to convert φ
a into a 4-vector in coordinate space:
φµ = eµaφ
a. The eaµ satisfy
eaµe
µ
b = δ
a
b , e
µ
ae
a
ν = δ
µ
ν , (2)
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and they obey the Lorentz transformation rule
e
′a
µ (x) = L
a
b (x)e
b
µ(x). (3)
The covariant derivative operator acting on φa is defined by
Dµφ
a = [∂µδ
a
b + (Ωµ)
a
b ]φ
b, (4)
where (Ωµ)
a
b denotes the spin, gauge connection.
Consider the infinitesimal Lorentz transformation
Lab (x) = δ
a
b + ω
a
b (x) (5)
with
ωab(x) = −ωba(x). (6)
The matrix D(L) in the transformation rule for a general field fn(x) :
fn(x)→
∑
m
[D(L)(x)]nmfm(x) (7)
takes the form
D[1 + ω(x)] = 1 +
1
2
ωab(x)σab, (8)
where the σab are the six generators of the Lorentz group which satisfy σab =
−σba and the commutation rules
[σab, σcd] = ηcbσad − ηcaσbd + ηdbσca − ηdaσcb. (9)
The set of scalar fields φ transforms as
φ′(x) = φ(x) + ωab(x)σabφ(x). (10)
The gauge spin connection which satisfies the transformation law
(Ωσ)
a
b → [LΩσL−1 − (∂σL)L−1]ab , (11)
is given by
Ωµ =
1
2
σabeνaebν;µ, (12)
where ; denotes covariant differentiation with respect to the Christoffel sym-
bol Γλµν :
Γλµν = g
λρηab(Dµe
a
ν)e
b
ρ. (13)
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A Higgs sector is included in the Lagrangian density such that the grav-
itational vacuum symmetry, which is set equal to the Lagrangian symmetry
at low temperatures, breaks to a smaller symmetry at high temperature.
The pattern of vacuum phase transition that emerges contains a symmetry
anti-restoration. This vacuum symmetry breaking leads to the interesting
possibility that exact zero temperature conservation laws e.g. electric charge
and baryon number are broken in the early Universe. It was shown that
the spontaneous breaking of the Lorentz symmetry of the vacuum leads to
a violation of the exact zero temperature conservation of energy in the early
Universe, which can explain the origin of matter in the big bang.
Let us consider the Lorentz invariant potential:
V (φ) = −1
2
µ2
3∑
a=0
φaφ
a + λ
3∑
a=0
(φaφ
a)2, (14)
where we choose φa to be a timelike Lorentz vector, φaφ
a > 0, and λ > 0,
so that the potential is bounded from below. If V has a minimum at φa =
va, then the spontaneously broken solution is given by v
2
a = µ
2/4λ and an
expansion of V around the minimum yields the mass matrix:
(µ2)ab =
1
2
(
∂2V
∂φa∂φb
)
φa=va
. (15)
We can choose φa to be of the form
φa =


0
0
0
v

 = δa0(µ2/4λ)1/2. (16)
All the other solutions of φa are related to this one by a Lorentz transfor-
mation. Then, the homogeneous Lorentz group SO(3, 1) is broken down to
the spatial rotation group O(3). The three rotation generators Ji(i = 1, 2, 3)
leave the vacuum invariant
Jivi = 0, (17)
while the three Lorentz-boost generators Ki break the vacuum symmetry
Kivi 6= 0. (18)
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The mass matrix (µ2)ab can be calculated from (15):
(µ2)ab = (−1
2
µ2 + 2λv2)δab + 4λvavb = µ
2δa0δb0, (19)
where v denotes the magnitude of va. There are three zero-mass Gold-
stone bosons, the same as the number of massive vector bosons, V iµ =
(Ωµ)0i = −(Ωµ)i0, and there are three massless vector bosons, Unµ = (Ωµ)mn =
−(Ωµ)nm, corresponding to the unbroken O(3) symmetry. In addition to
these particles, one massive physical boson particle h remains, after the spon-
taneous breaking of the vacuum.
A phase transition is assumed to occur at the critical temperature Tc,
when va 6= 0 and the Lorentz symmetry is broken and the three gauge fields
(Ωµ)i0 become massive vector bosons. Below Tc the Lorentz symmetry is
restored, and we regain the usual classical gravitational field with massless
gauge fields Ωµ. The symmetry breaking will extend to the singularity or
the possible singularity-free initial state of the big bang, and since quantum
effects associated with gravity do not become important before T ∼ 1019
GeV, we expect that Tc ≤ 1019 GeV.
The total action for the theory is
S = SG + SM + Sφ, (20)
where the action for Einstein gravity is
SG = − c
4
16πG
∫
d4xe(R + 2Λ). (21)
e ≡ √−g = det(eaµeaν)1/2, Λ is the cosmological constant and SM is the
matter action for gravity. Moreover,
Sφ =
∫
d4x
√−g[1
2
DµφaD
µφa − V (φ)]. (22)
By choosing φa to be a Lorentz timelike vector, we ensure that the kinetic
energy term DµφaD
µφa > 0 for all events in the past and future light cones of
the flat tangent space. Since the kinetic energy term is positive definite within
the light cone and φaφ
a > 0, we guarantee that local Lorentz invariance is
broken within the past and future light cones where spacetime events are
causally connected.
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Let us consider small oscillations about the true minimum and define a
shifted field
φ′a = φa − va. (23)
We perform a Lorentz transformation on φa, so that we obtain
φ0 = h, φ1 = φ2 = φ3 = 0. (24)
In this special coordinate frame, the remaining component h is the physical
Higgs particle that survives after the three Goldstone modes have been re-
moved. This corresponds to choosing the “unitary gauge” in the standard
electroweak model.
The total action for the theory in the broken symmetry phase, T > Tc, is
S = SG + SM + Sh + SV . (25)
In our specially chosen coordinate frame in which (24) holds, we have
Sh =
∫
d4x
√−g[1
2
∂µh∂
µh− V (h)], (26)
where
V (h) = 4λv2h2 + 4λvh3 + λh4 − 1
2
V 2µ h
2 − vV 2µ h, (27)
and we have for convenience suppressed the index i on V iµ. Moreover,
SV =
1
2
m2
∫
d4x
√−ggµνVµVν , (28)
where the mass m ∝< h >0.
The field equations are of the form:
Gµν ≡ Rµν − 1
2
gµνR =
8πG
c4
(T µν +Kµν +Hµν) + Λgµν , (29)
where Kµν is given by
Kµν = m2(V µV ν − 1
2
gµνV βVβ). (30)
Moreover, the h field energy-momentum tensor is of the usual form:
Hµν = ∂µh∂νh− Lhgµν. (31)
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Since Gµν satisfies the Bianchi identities:
Gµν ;ν = 0, (32)
we find from (29) that
T µν ;ν = −(Kµν +Hµν);ν, (33)
where we have used gµν ;ν = 0. In the unbroken phase of spacetime, we regain
the standard energy-momentum conservation laws (Kµν = 0, Hµν ;ν = 0):
T µν ;ν = 0, (34)
and the spin connection corresponds to a massless graviton gauge field.
3 Field Equations in the Broken Symmetry
Phase
The spacetime manifold in the broken phase has the symmetry R×O(3). The
three-dimensional space with O(3) symmetry is assumed to be homogeneous
and isotropic and yields the usual maximally symmetric three-dimensional
space:
dσ2 = R2(t)
[
dr2
1− kr2 + r
2(dθ2 + sin2θdφ2)
]
, (35)
where t is the external time variable. This is the Robertson-Walker theorem
for our ordered phase of the vacuum and it has the correct subspace structure
for the FRW Universe with the metric:
ds2 = dt2c2 −R2(t)
[
dr2
1− kr2 + r
2(dθ2 + sin2θdφ2)
]
. (36)
In the broken symmetry phase, the “time” t is the absolute physical time
measured by standard clocks. In contrast to GR, while < φ >0 is non-zero,
we no longer have re-parameterization invariance and time is no longer an
arbitrary label.
Let us consider Einstein’s field equations in the broken symmetry phase
T > Tc. We have g00(t) = c
2
0 and gik(t) = −R2(t)γik and the energy-
momentum tensor for a perfect fluid takes the form:
T µν =
(
ρ+
p
c20
)
uµuν − pgµν , (37)
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where c0 labels the velocity of light in this epoch, u
µ = dxµ/ds, uµuµ =
c20, ρ is the density of matter and radiation and p is the pressure. In our
homogeneous space the spatial part of the massive vector field V i = 0. Let
us use the notation: V 0(t) = χ(t). We obtain the field equations in the
broken symmetry phase
R˙2
c20R
2
+
k
R2
=
8πG
3c20
ρ+
8πG
c40
[
1
2
m2χ2 +
1
2
(h˙)2 + V (h)
]
+
Λ
3
, (38)
2
(
R¨
c20R
)
+
R˙2
c20R
2
+
k
R2
= −8πG
c40
[
p+
1
2
m2χ2 +
1
2
(h˙)2 − V (h)
]
+ Λ, (39)
1
R3
∂
∂t
[
R3c20
(
ρ+
p
c20
)]
− p˙ = −W, (40)
where R˙ = dR/dt and W is given by
W = m2χ
[
χ˙+ 3
(
R˙
R
)
χ
]
+ (h˙)2
[
1 + 3
(
R˙
R
)]
+ V ′(h)h˙. (41)
4 Superluminary Universe
The horizon scale is determined by
dH(t) = c0R(t)
∫ t
0
dt′
R(t′)
. (42)
For t > tc, this will have the usual value: dH(t) = 2ct, since R(t) ∝ t1/2 for
a radiation dominated Universe. Let us assume that for t ≤ tc, the speed of
light is very large. During a first order phase transition, the velocity of light
is assumed to undergo a discontinuous change from the value:
c0 ∼ ac (43)
for t ≤ tc to c0 = c (c is the present value of the velocity of light and a is a
constant) for t > tc. Then, we get for t ≤ tc:
dH(t) ≈ c0g(t), (44)
where g(t) is the dynamical time dependence arising from R(t) in (42). Thus,
for a fraction of time near the beginning of the Universe, and for a → ∞,
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all points of the expanding space will have been in communication with one
another solving the horizon problem.
Suppose the field φ that breaks the spacetime symmetries is characterized
by a correlation length ξ. Then, the monopole density is approximately given
by
nM ≈ ξ−3. (45)
In the superluminary model, the bound on the length ξ is given by
ξ < dH(t) ≈ c0g(t), (46)
so that the bound on the number density of monopoles is exponentially weak-
ened. This solves the relic particle (monopole) problem.
The present observational data restrict Ω0 = ρcrit/ρ0 to lie in the interval
[0.01, few], which implies that Rcurv ∼ c/H0 and ρ0 ∼ ρcrit. From Eq.(38)
in the broken phase, we can derive the expression
Ω(t) = 1/[1− x(t)], (47)
where, in the radiation dominated superluminary era,
x(t) =
c20k
R2H2
∼ c
2
0k/R
2
8πGρr/3
, (48)
where ρr denotes the radiation density. Moreover we have
Ω = Ωρr + ΩF + ΩΛ, (49)
in which
Ωρr =
8πGρr
3H2
, ΩF =
(
8πG
c20H
2
)[
1
2
m2χ2 +
1
2
(h˙)2 + V (h)
]
, (50)
ΩΛ =
c20Λ
3H2
. (51)
We have in the radiation dominated era, ρr = ρ0r
(
R0/R
)4
, so that
x ∼ c
2
0kR
2
R∗
, (52)
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where R∗ = 8πGρ0rR
4
0/3. This yields
|Ω(10−43sec)− 1| ∼ O(a210−60). (53)
Thus, in the short time that the Universe is superluminary with a ∼ 5×1029,
we get
|Ω(10−43sec)− 1| ∼ O(1), (54)
which implies much less fine tuning than the standard FRW model.
We observe that in contrast to the inflationary model (which predicts that
Ω = 1)[12, 13], the prediction for the value of Ω in the superluminary model
depends on the detailed dynamics of the theory[1, 4, 5, 6]. Indeed, if we were
to assume the equation of state: ρ = const., that χ and V are uniform in the
broken phase and k = 0, then R(t) has the inflationary solution:
R(t) ∝ exp
[
tc0
(
Λ/3
)1/2]
. (55)
Thus we would regain the standard inflationary prediction Ω = 1. Clearly,
the superluminary model does not lead automatically to the generic prediction
Ω = 1. The possibility of obtaining an open universe version of the infla-
tionary scenario has been the subject of much controversy recently [7, 8, 9].
The fact that obtaining an open Universe in the superluminary model is not
a problem is a positive feature in favour of the model.
Let us now consider the cosmological constant problem. We ignore the
effects of the h and V fields, since they will not play an important role in the
present discussion. Then, using the equation of state: p = 1
3
ρ, we can derive
at some instant of time t¯:
H2(t¯)(q(t¯)− 1) = c
2
0k
R2(t¯)
− 2Λc
2
0
3
, (56)
where q is the deceleration parameter
q = −R¨R/R˙2. (57)
We also have
c20k
R2(t¯)H2(t¯)
= Ω(t¯)− 1 + c
2
0Λ
3H2(t¯)
. (58)
It follows that
|q(t¯)− Ω(t¯)| = | c
2
0Λ
3H2(t¯)
|. (59)
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Assuming that the radiation dominant solution of the field equations
holds near the phase transition, then Ω(t¯) ∼ 0.1 − 1, q(t¯) ∼ 1, H(t¯) ∼ 1/2t¯
and
R(t¯) =
(
32πGρ0r
3
)1/4
R0t¯
1/2. (60)
We obtain
|Λ| ≈ 1
c20t¯
2
. (61)
For a rapid phase transition in the velocity of light and for c0 = ac and
log10a ≥ 60, we have for t¯ ∼ 10−43 sec:
|Λ| < 10−54 cm−2. (62)
From the critical density ρcrit ∼ ρ0 this bound corresponds to Λ/8πG ≤
8 × 10−47 h2GeV4, where 0.4 ≤ h ≤ 1. This would solve the cosmological
constant problem[4, 5, 2]. The observational bound in (62) is obtained by
using H0 ∼ 100 km s−1Mpc−1.
However, there is a serious conflict between the value log10a ≤ 30 required
to solve the flatness problem and the value log10a > 60 required to solve
the cosmological constant problem. Indeed, the latter value is far too large
to accomodate a reasonable evolution of the FRW Universe just after the
occurrence of the phase transition in the velocity of light. However, if we
assume that another phase transition in the velocity of light occurs, before
the one that solves the flatness problem, with log10 ∼ 60, then this could solve
the cosmological constant problem and be followed by a phase transition with
a lowering of the speed of light to a value with log10 ∼ 30, which could solve
the flatness problem and allow the universe to expand to its present day
value.
We have assumed the radiation dominant solution for R(t) in this deriva-
tion. Perhaps another dynamical solution of the field equations would acco-
modate a solution to the horizon, flatness and cosmological constant problems
in the presence of a phase transition in the velocity of light. Barrow[5] has
considered the time dependent solutions of Brans-Jordan-Dicke theories with
a field ψ = c4, but such theories are severely restricted dynamically and can
easily lead to consistency problems. In any eventuality, the horizon, flat-
ness and monopole problems can be resolved by the superluminary model.
The problem with the cosmological constant is not resolved in inflationary
models, and indeed is exacerbated by the enormous vacuum energy density
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required to drive the initial inflation. The potential for the superluminary
model to solve the cosmological constant problem could provide the model
with another significant advantage.
One important aspect of the superluminary model is that it is not sensitive
to the choice of an equation of state. No exotic forms of matter withe negative
pressure are required to resolve cosmological problems. This is an advantage
over the standard inflationary scenarios which require vacuum energy with
p = −ρ and unusual forms of potentials for the inflaton field that often
require fine-tuning to implement the inflationary period.
5 Black-Body Radiation and Entropy in the
Superluminary Phase
In the Lorentz symmetry broken phase of the Universe, the total blackbody
radiation energy at temperature T is given by
u =
(
8πhν3
c30
) ∫
∞
0
[exp
(
hν
kT
)
− 1]−1dν = 8π
5(kT )4
15h3c30
. (63)
The number density of photons is
nγ =
60.42198(kT )3
(hc0)3
. (64)
The energy densities for photons and neutrinos are
ǫγ = σBT
4, ǫν =
7
16
σBT
4, (65)
where σB is the Stefan-Boltzmann constant
σB =
π2k4B
60h¯3c30
(66)
and kB is Boltzmann’s constant. For log10a ≤ 30 Stefan-Boltzmann’s con-
stant is σB ∼ 1.7× 10−84 erg cm−3K−4 in the superluminary phase.
The Universe has negligible thermal and neutrino energy during the short
period of the spontaneously broken symmetry phase. After the superlumi-
nary phase ends when c0 = c, both ǫγ and ǫν regain their standard values in
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an FRW Universe. In contrast to the inflationary model, there is no problem
with a reheating epoch necessary in the inflationary scenario to replenish the
matter and radiation in an ‘empty’ de-Sitter Universe. The velocity of light
phase transition in the spontaneous symmetry breaking process automati-
cally takes care of the creation of matter when c0 = c[10, 11].
The entropy of thermal photons is
S(T ) =
4π2V
45
(
T
h¯c0
)3
. (67)
Thus, at the phase transition at t ∼ tc, the entropy increases enormously
in the direction of the expanding universe when c0 = c. The arrow of time
connected with the increase of the entropy is determined by the domain arrow
produced by the non-zero < φ >0 in the spontaneously broken phase [1-3].
We see that the large value of c in the early Universe, in the broken
symmetry phase, changes radically the thermal physics at the beginning of
the universe. This is in accord with the known observation that the entropy
of a system increases rapidly as the system undergoes a first order or second
order phase transition from an ordered to a more disordered state.
6 Quantum Fluctuations and Density Pertur-
bations
Let us consider the possibility in our model of generating the seed pertur-
bations that can grow to form the large-scale structures. During the super-
luminary phase for t < tc, the fluctuation wavelengths grow as λ ∝ R(t).
However, the horizon grows rapidly, dH ≈ c0g(t), where c0 is given by (43),
and it will become equal to the physical wavelength at some time t = texit,
after which it becomes larger than λ(k) for a mode labeled by a wave vector
~k.
After the symmetry is restored at t > tc, the proper length R(t) grows as
t1/2, whereas the horizon will increase as cH(t)−1 ∼ ct. Therefore, the wave-
length will be completely within the Hubble radius for an interval of time
∆t. Thus, in the superluminary model the fluctuations are in microcausal
connection very early in the Universe (t ∼ 10−35 s) and have time to grow
into physical modes sufficiently large to form Galaxy structures. These fluc-
tuations will have a gaussian form, provided any self-couplings of the matter
fields are small.
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The fluctuations associated with the Higgs field, h, could be a candidate
for seed perturbations. The h field satisfies
h¨ + 3Hh˙+ V ′(h) = 0, (68)
where V ′(h) = dV (h)/dh.
When the velocity of light undergoes a discontinuous change, during a first
order phase transition at t ∼ tc, to the value c0 given by (43) with a ≥ 1030,
then the horizon, dH(t), determined by (42) will also have a discontinuity in
its first derivative with respect to t, and dH(t) for t < tc can be matched to
dH(t) for t ≥ tc in such a way that λ crosses dH(t) twice. The fluctuations
are “frozen in” and leave an imprint on the metric tensor.
Fluctuations in h give rise to perturbations in the density
δρh = δh
(
∂V
∂h
)
. (69)
At horizon crossings, λphys ∼ cH−1, the gauge invariant quantity ζ takes
the simple form ζ = δρ/(ρ+ p/c2) [14]. In the radiation dominated era and
in the matter dominated era, ζ at horizon crossing is, up to a factor of order
unity, equal to δρ/ρ. Equating the values of ζ at the two horizon crossings,
we find (
δρ
ρ
)
Hor
∼ δhV
′
h˙2
∼ HV
′
2πh˙2
, (70)
where we have used the fact that δh ∼ H/2π. We must now model V ′ and
h˙ at the phase transition, in order to estimate the density fluctuation, δρ/ρ.
Clearly, H is rapidly varying at the phase transition. We have
h˙ ∝ H
2πδt
. (71)
A natural time scale for the duration of the phase transition is given by
δt ∝
(
H
2πh3
)1/2
. (72)
Thus, if we choose 1/H ∼ 10−34 s and h ∼MP ∝ 1043s−1, then the duration
of the phase transition is δt ∼ 10−48 s.
By assuming that V (h) is dominated by V (h) ∼ λ
4
h4, we obtain from
Eqs. (70), (71) and (72) the scale invariant prediction for the amplitude
(
δρ
ρ
)
Hor
∼ λ. (73)
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We can fit the data measured by the Cosmic Background Explorer (COBE),
which is consistent with a gaussian, scale invariant spectrum[15, 16], by
choosing the coupling constant λ ∼ 10−5, and using ∆T/T ∼ 1
3
δρ/ρ. The
measurements are quoted in terms of a spectral index n, with n = 1.1± 0.5.
These measurements are also consistent with the predictions of inflationary
models, and with other mechanisms of inhomogeneity generation, such as
cosmic strings.
7 Conclusions
The results obtained above suggest that the superluminary model could be
an attractive alternative to inflation as a solution to the initial value problem
in cosmology. Moreover, our picture of the period immediately following the
big bang is radically altered from the standard big bang model. The violation
of the conservation of energy in the spontaneously broken symmetry phase
can provide an explanation for the creation of matter in the beginning of the
Universe, an explanation which is not available in the standard FRW model
or the inflationary scenario. The model also provides a possible solution the
cosmological costant problem.
The quantum fluctuations of the Higgs field, near the phase transition
in the velocity of light, produce microwave background density fluctuations,
which are frozen in at the horizon. The spectrum of the fluctuations is gaus-
sian and scale invariant with a scalar field coupling constant, λ ∼ 10−5, which
is more reasonable in size than the standard value, λ ∼ 10−14, predicted by
generic inflationary models[12, 13]. Further work is necessary to investigate
in more detail the predictions of the density fluctuation spectrum in the
superluminary model.
The superluminary model of the early Universe[1-3] was introduced to
provide an interesting alternative to the inflationary model, at a time when
the latter model was enjoying a popular revival. It is remarkable that that
there has been no serious alternative model considered besides the superlu-
minary model (or varying light speed model, as it is called by Albrecht and
Maguiejo[4]). With the advent of a new generation of accurate satellite mea-
surements of the microwave background, it may be possible to distinguish the
specific predictions of the two models and the predictions of other alternative
models that may be forthcoming in the future.
An important feature of the superluminary model is the unavoidable
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breaking of local Lorentz invariance in the early Universe. In view of the
significant changes that will occur in the fundamental physics, it is necessary
to have a well defined model for this symmetry breaking. Such a model is
provided by the spontaneous symmetry breaking of the Lagrangian in the
scenario presented in earlier publications[1-3] and in the present exposition.
The “hidden” symmetry of the gravitational vacuum has the advantage, en-
joyed in the standard model of particle physics, of retaining the vital features
of gauge symmetries, such as Ward identities, in a future theory of quantum
gravity.
In recent work[17, 18], gravitational theories based on a bimetric structure
formed from a metric and a vector field or the gradient of a scalar field have
been proposed. These theories begin with a Lorentz and diffeomorphism
invariant formulation and provide an alternative picture to the one described
here, based on a rapid change in the velocity of light associated with a phase
transition at a critical time t = tc in the early universe when local Lorentz
invariance symmetry is broken.
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